This pilot study was conducted to assess the utility of using a health insurance database for the automated detection of waterborne outbreaks of acute gastroenteritis (AGE). The weekly number of AGE cases for which the patient consulted a doctor (cAGE) was derived from this database for 1,543 towns in three French districts during the 2009-2012 period. The method we used is based on a spatial comparison of incidence rates and of their time trends between the target town and the district. Each municipality was tested, week by week, for the entire study period. Overall, 193 clusters were identified, 10% of the municipalities were involved in at least one cluster and less than 2% in several. We can infer that nationwide more than 1,000 clusters involving 30,000 cases of cAGE each year may be linked to tap water. The clusters discovered with this automated detection system will be reported to local operators for investigation of the situations at highest risk. This method will be compared with others before automated detection is implemented on a national level.
INTRODUCTION
Nonetheless, its implementation as part of a waterborne disease cluster detection system would require a thoroughly accurate mapping of these networks, which is currently unavailable at the national level. A simple, pragmatic method inspired by practice in the field has been developed and was assessed during the pilot study that is described here.
The prospects offered by the detection of cAGE clusters for the ultimate goal of preventing waterborne disease outbreaks will then be discussed.
MATERIAL AND METHODS

Health data
The method of identifying cAGE cases from Sniiram data was described earlier (Bounoure et al. ) . The Sniiram database covers the French population almost exhaustively and makes it possible to obtain individual medical consultation data on a same-day basis, localized to the patient's town of residence. Gironde. The Puy-de-Dôme has fewer towns, and a higher percentage of them have small populations (Table 1 ). The number of events involving accidental microbiological pollution of the water supply in these sectors is close to the national mean, and did not differ significantly between these districts (Beaudeau ) . The distributed water is mainly of underground origin in the three districts, as 99.1% of the water supply network use this type of resource in Isère, compared with 99.2% in Gironde and 98.1% in Puy-de-Dôme. Distributed water meets the microbiological standards for more than 95% of the supplied population in Isère and Gironde, and for more than 90% in Puy-de-Dôme.
Detection of cAGE case clusters
We developed two methods, named A and B, both based on the comparison of the town tested and a reference area. For each week and each town, weekly cluster detection was performed in two stages: (1) determination of the NEC, by steps 
Determination of the NEC
Regardless of the method, A or B, the entire district to which the town tested belongs is used as the reference area.
Method A (Figure 4 ) is based on a spatial comparison of the incidence of cAGE cases between the town tested and the reference area. The NEC is the product of the median incidence rate in the reference area multiplied by the size of the population in the municipality tested. It is preferable to use the median because it, unlike the mean, is less sensitive to extreme (e.g., associated with outbursts) or outlying values.
This reference median rate can nonetheless be zero, especially in the summer in rural districts, where most towns are small; to eliminate this disadvantage, towns with fewer than 500 inhabitants are excluded from its calculation.
Method B (Figure 4 ) is based on a temporal change comparison of the incidence of cAGE cases between the town tested and the reference area. The relative variation in incidence rates is calculated for each town in the reference area as the ratio between the cAGE incidence rate during the target period and the cAGE incidence rate for a control period. The relative variation of the reference area corresponds to the median of this set of values (again excluding towns with fewer than 500 inhabitants).
Then, to produce the NEC, this relative variation is multiplied by the mean weekly incidence rate observed during the control period for the town tested. The control period chosen covers the 4 weeks between the fifth (W À5 ) and second weeks (W À2 ) before the target week (W 0 ). A one-week buffer is thus placed between the target week and the control period, so that the latter does not include the beginning of a potential outbreak.
In low incidence periods (spring, summer), it is possible to observe no cases in the smallest towns during the control period. In these situations, we imputed the value 1 to the number of cases observed in the town during the control period to allow the calculation of variations in the town incidence rates. This device tends to reduce the number of clusters detected by method B.
Test of NOC versus NEC
The detection of suspected weekly clusters is based on the combined use of three criteria: 3. A probability p < 1.10 À5 . P corresponds to the significance of the statistical test performed. The null hypothesis is that the NOC of the town tested during the target week is equal to the NEC. An exact test is used, and we assume that the NOC has a Poisson distribution with parameter NEC. In view of the repetition and non-independence of the tests, the p-value estimate is biased by default but preserves the relative order of significance. 
Cluster consolidation
The weekly clusters detected simultaneously by method A 
RESULTS
Frequency of clusters
Our systematic exploration detected 826 weekly clusters by 
Distribution of the clusters detected by size of municipality
More than two thirds of the consolidated clusters detected by methods A ∩ B were concentrated in municipalities of 500 to 10,000 inhabitants (55% of the towns) and barely 2% involve towns larger than 50,000 inhabitants (0.3% of all towns) ( Table 2 ). The frequency of detection of consolidated clusters by methods A ∩ B is zero for towns with fewer than 100 inhabitants, and increases with town population up to 50,000 inhabitants. For towns with fewer than 100 inhabitants, only method A detected any clusters. For each method, the distribution of the number of consolidated clusters detected differed by town population-size groups;
this difference was substantial for the group of towns with 10,000-50,000 inhabitants, for which method A detected more clusters. 
Duration of clusters
More than 90% of the clusters on list A ∩ B (176) lasted only 1 week (Figure 6 ), and none more than 2 weeks. Method B essentially detected clusters of 1 or 2 weeks (only 1 consolidated cluster of 3 weeks or longer), while only method A detected clusters lasting longer than 3 weeks (3.4%), including one that lasted 11 weeks.
Municipalities at chronic risk
Between 2009 and 2012, slightly more than 10% (n ¼ 193) of towns in the study area were involved in at least one consolidated cluster (Table 3) . Repeated clusters occurred in only 14% of the positive towns (with at least one cluster during the 4-year study period), and in only 1.5% of all towns.
The maximum number of repetitions was four consolidated clusters for one town.
More consolidated clusters were detected by method A but they concerned fewer municipalities than those detected by 
Number of cases involved
Of the consolidated clusters detected on list A ∩ B, 40%
involved fewer than 10 cases of cAGE each (Table 4) cases compared with 25% for method A (Table 4) .
Seasonal variations in detection
The mean number of monthly consolidated clusters detected by method A ∩ B was 16. It ranged from 6 in May to 35 in December ( Figure 7) . Regardless of the method used, twice as many clusters were detected in December. Seasonality did not seem to differ between any of the three methods A, B, and A ∩ B.
DISCUSSION
In search of specificity for waterborne cAGE cases clusters: a public health objective
Supposing that the frequency of cluster detection in the three pilot districts is representative of the national situation, we have estimated that between 1,000 and 2,000 clusters could be detected annually in France. These estimates are orders of magnitude to be validated and specified in the future. The automated detection of case clusters nonetheless represents crucial progress in terms of sensitivity compared with the traditional method based on reporting by local operators.
These estimates exceed the investigative capacity of the local authorities responsible for controlling the quality of the water supply. Implementation of the method in the field thus depends on improving its specificity, that is, of separating the waterborne clusters from those which we do not wish to detect, that is: clusters due to chance, with no identifiable cause; false clusters associated with methodological biases;
clusters propagated by human-to-human transmission and part of the winter virus epidemic; foodborne outbreaks;
and clusters associated with swimming in pools or in recreational water.
It can be difficult to distinguish a waterborne cAGE outbreak from another cAGE outbreak by its epidemic curve alone. Additional information is thus necessary to support its waterborne origin.
One useful type of information for this purpose is knowledge of the geographic contours of water supply networks, which do not necessarily correspond to those of municipalities. Specifically, the sharing of a network by several municipalities with outbreaks suggests that it plays a role The list of detected cAGE consolidated clusters will be transmitted to local health authorities so that they can con- The concomitance of one of these events and of a cluster of cAGE cases supports the hypothesis of a waterborne origin of the cluster.
In search of specificity: methodological aspects
The criteria used to detect clusters (RR ! 2, impact >5 and p < 1.10 À5 ) by method A, on the one hand, and by method B on the other, are the first barrier against false positives.
But it is the selection of clusters found simultaneously by A and B (methods A ∩ B) that is the key factor for specificity:
only 18% of the clusters found by A or B are common to both. That is, this selection makes it possible to eliminate the false positives specific to either method A or method B.
If we assume a Poisson distribution of the weekly counts of cases common to both methods, the multiplication of statistical tests performed engenders for each district in the study area one false positive due to chance every 4 years, with method A and the same number with method B. Although this probability is underestimated, it is improbable that the intersection process would finally retain one of these false positives.
The selection condition that RR ! 2 is intended to limit the false positives inherent in the use of method A and attributable to the AGE incidence rate variations between towns, induced by demographic or socioeconomic factors.
The demographic bias probably induces the greatest bias in the comparison of municipal incidence rates. Two phenomena combine to generate this bias: (1) the variability in the age structure of the populations in different towns; in towns with more than 500 inhabitants, the ratio of the number of adults to the number of children thus varies from 2 to 10; and (2) the cAGE incidence rate is four times higher in children than in adults.
The demographic bias is clearly expressed in municipalities with a population between 10,000 and 50,000 inhabitants (Table 2) . In this stratum, the ratio of the num- The intersection of methods A and B can also produce a loss of sensitivity; nonetheless, this is not expressed by false negatives, but by truncating the clusters. Beyond the second week of an outbreak, the control period used by method B mechanically includes the beginning of the outbreak, which thus reduces the probability of detection of a weekly cluster during the third week or later, that is, artificially reduces the duration and impact of the consolidated clusters detected.
To compensate for this defect, we propose to attribute the impact assessed by method A to the clusters detected by methods A ∩ B. This triples the estimate of the cumulative number of cases included in the clusters of more than 100 cases (Table 4 ). The clusters of a duration of three weeks or more thus rise from 0 to 2.5% of the total number of clusters.
The correction of bias is therefore an important issue in the establishment of investigation priorities, to the extent that it is based on the estimated impact of the clusters. 
CONCLUSION
At the conclusion of the pilot phase, it appears that automated searching for waterborne cAGE case clusters is 
